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RESEARCH MEMORANDUM

TRANSONIC WIND-TUNNEL INVESTIGATION OF THE EFFECT OF A
HORIZONTAL TATT, ON LONGITUDINAL STABILITY OF TWO 60°
SWEPTBACK-WING—~BODY CONFIGURATIONS WITH
ASPECT RATIOS OF 2.67 AND 4.00

By Joseph D. Broocks
SUMMARY

An investigation of the effect of a 60° sweptback horizontal tall
at two vertical locations on the static longitudinal stability of two
60° sweptback-wing—body configurations wilth aspect ratios of 2.67
and L.00 hes been conducted in the ILangley 8-foot transonic pressure
tunnel. Tests were made at Mach numbers from 0.80 to 1.18 for angles of
attack from -3° to sbout 15°.

The addition of the horizontal tall to the wing-body configurstions
at either of the two locstions reduced the pitch-up tendency but did
not eliminste 1t. The tall was slightly more effective at subsonic
speeds immediately after the pilitch-up tendency when located below the
extended wing chord plene. At low lift coefficients, stability changes
with inereasing Masch number corresponding to a rearward movement of
the neutrel point of approximately 12 percent and 19 percent of the
meen zerodynamic chord occurred for the aspect-ratio-2.67 and aspect-
ratio-4.00 configurations, respectively.

TINTRODUCTION

In an investigation reported in references 1 and 2, a 60° sweptback-
wing—1Iindented-body configuration was found toc have exceptionally high
lift-drag ratios at itransonic speeds; however, the longltudinal stability
characteristics were unsatisfactory at moderate 1ift coefficients.
Various devices were zdded to the wing (ref. 2) to improve the stability
cherscteristies but none were;aaequate.

LETY T __,5.‘

UNGLAHsn 130

I



BTt O
2 o= A NACA RM L5T7L1l

The purpose of the present investigation is to determine the
effect of a 60° sweptback horlzontal tail on the longitudinal stabllity
cheracteristics of two other 60° sweptback-wing-—body configurations
that have also been designed to have high lift-drag ratlos at transonic
speeds. The aspect ratios of the two wings are 2.67 and 4.00. Each
wing~body configuration was tested slone and with the horizontsl tail
at 0° angle of incidence in two vertical positions - below the wing
chord plene and slightly above the wing chord plane. Date were obtalned
over a Mach number range from 0.80 to 1.18 through an angle-of-attack
range from -3° to about 15°.

SYMBOLS

a airfoll-sectlon mean-line designation, fraction of chord
from leading edge over which design loed 1s uniform

c meen aerodynamic chord
Cy, 11ft coefficlent, Lift/qS,
Cp drag coefficient, Drag/'qSw
Crn pitching-moment coefficient about 0.25¢,,
Pitching moment/quEw
aCn
—_— slope of pitching-moment curve
ac
L
1 tail length, distance from 0.25¢, to 0.256t measured
parallel to wing chord plane
M free-streem Mach number
q free-stream dynamic pressure
S total aresa
1 St
Vit tail volume coefficlient, — —
cy Sw
a angle of attack of model measured from fuselage center line,
deg
uneussmmi-

e SRy
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Subscripts:
W wing
t tall

APPARATUS AND TESTS

Tunnel

The test section of the Langley 8-foot transonic pressure tunnel
is spproximately square in cross sectlion. The upper and lower walls
of the test section eare slotted to allow continuous operation through
the transonic speed range without choking.

The tests were conducted at approximately stmospheric stagnation
pressure and the stagnation temperature in the tunnel was automatically
controlled and held constant at 125° F. The tunnel alr was dried
sufficiently to lower the dewpoint below 0° F in order to prevent the
formation of condensation shocks.

Models

The plen forms and dimensions of the wing-body-tail conflgurations
are shown in figure 1. Both the wings and the tail were constructed of
steel. The model was sting supported as shown in figure 2. The body
coordinates are given in table I and the geometric characteristies of
the wings end tail are given in table II.

The wings tested have the 0.25-chord line swept back 60°, hsve a

taper ratio of 0.15, and are mounted % inch ebove the Body center line

at 0° angle of incidence. The wing of aspect ratio 2.67, shown in fig-
ure 1(2), has = streamwise NACA 6LA206, =& = O alrfoil section at the
root and tapers linearly to & streamwise NACA 64A203, a = 0.8 (modi-
fied) airfoil section at the 50-percent semispan. The seme alrfoill
section is used from the 50-percent-semispen station to the wing tip.
The airfoil coordinates for a given percent semlspan are the same as
those given in reference 3. The wing of aspect retio 4.00, shown in
figure 1(b), 1s 1.5 times as thick as the wing of azspect ratio 2.67

in order to heve approximstely the same structursl charescieristics.

The horizontal tail used in this investigation has the 0.25-chord

line swept back 60°, & taper ratio of 0.15, and en aspect ratio of 2.67.

-1} A e
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The tail has a stresmwise NACA 64AO05 ailrfoil section et the root and
tepers linearly to an NACA 64A002 airfoil section at the tip. The tail
could be mounted in two positlons as shown in figure 1.

Tests

The wing-body configurastions were tested with the tail off and with
the teail on in the low position and in the high position over the Mach
nurber range from 0.80 to 1.18, except that the configuration having
the aspect-ratio-4.00 wing and the tail in the low position weas not
tested below a Mach number of 0.90. The normal, axisl, and pltching-
moment loads of the complete configuration were measured with an Internal
strain-gage balance. Data were not recorded in the Mach number range
from 1.03 to 1.18 since, in this range, the data may have been affected
by reflectlons of the fuselage bow wave from the tumnel walls. The
variation of Reynolds number, based on &, with Mach number 1s shown

in figure 3.

The angle of attack was measured by & stralin-gage sttitude trens-
mitter mounted in the body ahead of the wing. The angle-of-attack
range was limited by the meximum allowable load on the balance and
varied from -3° to about 18° at the subsonic Mach numbers and from -3°
to 12° or 15° at the supersonic Mach numbers.

CORRECTIONS AND ACCURACY

The drag data for these tests have been adjusted to the condition
of free-stream stetic pressure at the base of the body. Except for the
base-pressure adjustments, stlng Interference effects have been neglected.
No corrections to the data for the aserocelastic properties of the models
have been made. Since the blockage area of the model configurations
was small, corrections to the test data for boundary interference are
not believed necessary in the.slotted test section. (See ref. 4.)

The accuracy of the measured coefficlents is estimated to be as
follows:

CL + + o = o o o s ot t st a e e e e e e e e e e e e .. . $0.007
chl-.l'..l....I....II.'I...'..I.i0.00l
Cm---o‘------.---...---un------o-.‘tO-OOg

The local deviations in Mach number in the region of the model were
no larger than 0.003 at the subsonic Mach numbers and 4dld not exceed

JnE——
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0.010 as the Mach number was increased to 1.18. The model angle of
sttack is estimated to be correct within +0.1°.

RESULTS AND DISCUSSION

The basic aerodynamic characteristics are shown in figure 4 for
the aspect~ratio-2.67 and in figure 5 for the aspect-ratio-4.00 wing-
body configurations with and without the horizontal teil. It should
be noted that, in order to facilltate presentatlon of the data, staggered
scales have been used in meny of the figures and care should be taken
in identifying the zero axis for each curve.

Longitudinal Stebility Characteristies With Tall Off

The variatlon of pitching-moment coefficient with 1ift coefficient
(figs. 4(c) and 5(c)) indicates a large unsteble bresk or pitch-~up
characteristic in the pitching-moment curves at the subsonic Mach num-
bers for both wing-body configurstions at a 1ift coefficlent of spproxi-
mately 0.45 followed by & large stable bresk at a 1ift coefficilent of
approximately 0.70. The unstable bresk in the pitching-morent curves
occurs at approximately the same 1ift coefficient that the slope of the
1ift curves (figs. 4(a) and 5(a)) begins to decrease. At supersonic
speeds, the unstable break in the pitching-moment curves becomes less
severe with inereasing Mach number starting at Mech number 1.00 for
the aspect-ratio-2.67 wing and above Mach number 1.03 for the aspect-
ratio-4.00 wing.

The unsteble pitching-moment chenges at subsonlc and supersonic
speeds are the result of 1lift losses over the outboerd wing sections,’
which are probebly caused by boundary-layer separation on the wing
upper surface. Reasons for separation are belileved simller to those
indicated for a h5° swept-wing model in reference 5. At the lower Mach
numbers separation is attrlbuted to the effects of & leading-edge
separation vortex, and at the higher Mach numbers shocks that extend
laterally across the wing cause separation of the thlckened boundary
layer over the outboard wing sections. With increase in Mach number
these shocks move rearward on the wing; thls movement of the shock
reduces the separsted flow area and results in an improvement in the
pltching-moment charecteristics at supersonic speeds.

Longitudinal Stability Chareacteristics With Tail On

The changes in the longitudinal stability characteristics of the
wing-body configurations due to the additlon of the tall are perhaps
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ac
best indicated by the veriation of EEE with 11ft coefficient as shown
L
in figure 6. In these curves the destabllizing or pitch-up tendency

appears as an abrupt decrease in the negative value of EJQ at moderate

1ift coefficients. Adding the tall in either position tended to reduce
the abrupt chenge in the slopes and also the maximum change in many
cases, but it 4id not eliminate the destabllizing tendency. At super-
sonic speeds, edding the tall generally delayed the destebilizing tend-
ency to higher 1ift coefficlents. ILowering the tail had the greatest
effect at subsonic speeds where it increased stabilillity over & small
1ift renge after pitch-up.

a
The variation of EgE with Mach number at a value of CL of 0.2,
L

shown 1n figure 7, indicates & rearward movement of the neutral point

(assuming ggﬁ is indicative of neutral point at low 1lift coefficients
L

in this case) with increasing Mach number of approximstely 12 percent

s and 19 percent &y for the aspect-ratio-2.67 and aspect-ratio-%.00

wing-body configuratlons, respectively. The contribution of the tail
ineresses slightly with Increasing Mach nuwber as I1ndicated In figure 7.

The tall volume coefficient of these configurations 1s comperatively
low, 0.247 when the aspect-ratio-i.00 wing is used and 0.202 when the
aspect-retio-2.67 wing is used. It appesrs that the pitch-up tendency
might be further reduced by inecreasing the tall length and area, by
decreasing the sweepback of the tell, and by adding suxiliary devices
to the wings.

CONCLUSIONS

An investigation of the effect of & 60° sweptback horizontal tail
at two verticel locations on the statlic longitudinal stebility of two
60° sweptback-wing—body configurations at engles of attack from -3°
to about l5° leads to the following conclusions:

1. Adding the tall to the wing-body configurations et elther of
the two locations reduced the magnitude of the plteh-up tendency bhut
did not elimlnate it.
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2. Lowering the tall to the positlon below the extended wing

chord plsne resulted in a slight increase in effectiveness Immedistely
after piteh-up at subsonic speeds.

5. At low 1ift coefficients, stability changes with increasing

Mach number corresponding to a reerward movement of the neutral point
of spproximeiely 12 percent and 19 percent of the mean aerodynemic
chord occurred for the aspect-ratlio-2.67 and aspect-ratio-4.00 con-
figurations, respectively.

Langley Aeronsutlcal Ilaborstory,

National Advisory Committee for Aeronautiecs,
langley Field, Va., November 18, 1957.
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TABLE I.- BODY COORDINATES

Station, Body radius,
in. from nose in.
0 0
.5 .165
1.0 .282
2.0 460
3.0 612
k.0 LT43
6.0 .969
8.0 1.150
10.0 1.290
12.0 1.h0k4
14.0 1.493%
16.0 1.552
18.0 1.590
20.0 1.606
21.5 1.600
23.5 1.570
25.0 1.532
27.0 1.460
29.0 1.360
31.0 1.231
3L.7 1.181
34.0 1.019
36.0 .879
36.5 .84l

NACA RM L5TL11
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TABLE IT.- GEOMETRIC CHARACTERISTICS OF MODELS

Wings Tall

Aspect ratio . . . . . . . . . . L.o 2.67 2.67
Teper ratio . . . . « « + & .+ & 0.15 0.15 0.15
Total area, sq in. e e e e o a 202.75 202.75 30.41
Dihedrel, deg . . . . . . . . . 0 0 ]
Geometric twist, deg . . . . . . 0 0 0
Spen, In. . « &« < & ¢ ¢ . . . 28.478 23.252 9.006
Sweepbeck:

0.25-chord 1line, deg . . . . . 60.00 60.00 60.00

Leeding edge, deg . . . « . . 62.45 63.54 63.54
B, 0. & v e e e e e e e e 8.416 10.308 3.992
St/sw e s e 4 e e s e e e e s 0.15 0.15f  ====-
L 1.645 1.343 | eceeew
Vs e e s e o s & s s s 8 a e o 0.24h7 0.202|  —=-w-
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NACA 64A208, a=0

NACA 64A203, a=0.8(modified)

NACA 64A203, a=08(modified)—>>

— 2275
36.50 -
20.00 13.842 |
2584 I 188
| = AQF. y
_ = i il
7 N 250y D S mnlE

50~

(a) Wing aspect ratio, 2.67.

Figure 1.- Details of the configurations tested. All dimensions are in
inches.
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.5times ordinates of
NACA 64A206,a=0

.5 times ordinates of
NACA 64A203, a=08{modified)

1.5 times ordinates of

NACA 64A203, u=0.8(rnodified)—-_:l 1857
‘ 36.50 >
s *_\ 188
R = — S
} N_.25Cy ¥
50~

(b)

Wing aspect ratio, 4.00.

Figure 1l.- Concluded.
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Figure 2.- Model in the Langley 8-foot transonic pressure tunnel with the aspect-ratio-2.67 wing
and the-taill in the low position.
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O
>
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—T1 :
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/
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Mach number, M

Figure 3.- Varilation with Mach number of Reynolds number based on wing mean aerodynamic chord.
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Wing ‘aspect rafio=267 | M=0.80

20— o Tl low

| 0 Tail off
8 ¢ Tl high %
16 /
14 7
12 7 /% -
10 -

Angle of attock,a,deg
®
I :

A

/

A4 4
¢ = K L7 ]
—4 M=0.80 =0.85 =090 M=0.9 =096 M=1.00 chM=I.O3 M=LI8

-2 0 0 0 0 0 0 0 0 2 4 6 8 10
) Lift coefficient,C)

(a) Variation of o with Cy-

Figure 4.- Aerodynamic charscteristics of the aspect-ratio-2.67 wing-body configuration with end
without the horizontal tail.
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40 Wing aspect ratio=2.67
—| o Tail low -
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Lift coefficient,C_

(b) Varistion of Cp with Cp.

Figure 4.~ Continued.
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Figure 4.- Concluded.



20 Wing aspect ratio=400
— o Tail low
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(a) Variation of o with Cp.

Figure 5.~ Aerodynamic characteristics of the aspect-ratio-4.00 wing-body configuration with and

0
Lift coefficient,C_

without the horizontal taill.
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Drag coefficient,Cp

36

Wing aspect ratio= 400

Lift coefficient, CL

(b) Variation of Cp with Cf.

Figure 5.- Continued.
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Wing aspect ratio=400
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Figure 5.- Concluded.
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Figure 6.~ Variation of dcm/dCL with 1ift coefficlent for the wing-
body end wing-body-tall configurations.
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Figure 7.- Varistion of de/dCL with Mach number for the wing-body end wing-body-tall configu-

rations at a value of Cy of 0.2,
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